Motivated behavior can be characterized by behavioral activation and high work output. Moreover, people with depression and other disorders show effort-related motivational symptoms, such as anergia, psychomotor retardation, and fatigue. Effort-based decision making is studied using tasks offering choices between high effort options leading to highly valued reinforcers vs low effort/low reward options, and such tasks could be useful as animal models of motivational symptoms. In the present studies the effort-related effects of the vesicular monoamine transport (VMAT-2) inhibitor tetrabenazine (TBZ) were investigated. TBZ blocks vesicular storage and also produces depressive symptoms in humans. Moreover, TBZ alters effort-based choice in rats, biasing animals toward low effort alternatives. The present studies investigated the ability of acute administration of various monoamine uptake inhibitors to reverse the effects of TBZ. Effortrelated effects of TBZ were attenuated by the catecholamine uptake inhibitor and antidepressant bupropion, and this effect of bupropion was reversed by either D 1 or D 2 family antagonism. The effort-related effects of TBZ were also attenuated by the selective dopamine uptake blocker GBR12909. The 5-HT uptake inhibitor fluoxetine and the norepinephrine uptake inhibitor desipramine failed to reverse the effects of TBZ, and higher doses of these drugs, given alone or in combination with TBZ, led to further behavioral impairments. These results indicate that drugs acting on dopamine transmission are relatively effective at reversing the effort-related effects of TBZ, and are consistent with the hypothesis that drugs that enhance dopamine transmission may be effective at treating effort-related psychiatric symptoms in humans.
INTRODUCTION
Processes involved in activational aspects of motivation promote the instigation and maintenance of behavior, increase energy expenditure, and facilitate the exertion of effort to overcome obstacles that separate organisms from significant stimuli Correa, 2002, 2012; Yohn et al, 2015) . Motivational dysfunctions related to behavioral activation are probably the most common psychiatric symptoms in general medicine (Demyttenaere et al, 2005) ; symptoms such as anergia, fatigue, psychomotor retardation, or apathy are frequently observed in people with depression, Parkinsonism, and other disorders (Demyttenaere et al, 2005; Fava et al, 2014) . Guillion and Rush (1998) conducted a factor analytic study of depressed patients and identified a 'lack of energy' factor (ie, problems with energy/fatigability, psychomotor retardation, inability to work), the factor that loaded most strongly onto a second-order general depression factor. Many people with major depression have deficits in reward seeking, exertion of effort, and effort-related decision making that are over and above any problems they may have with experiencing pleasure (Treadway and Zald, 2011; Pizzagalli, 2014) . Motivational symptoms are very disabling, and the severity of effort-related symptoms in people with depression is related to problems with social function, employment, and treatment response (Tylee et al, 1999; Stahl, 2002) . Many common antidepressants, including 5-HT transport (SERT) inhibitors like fluoxetine, are relatively ineffective for treating motivational dysfunction, and can induce or exacerbate these symptoms (Katz et al, 2004; Nutt et al, 2007; Padala et al, 2012; Stenman and Lilja, 2013; Fava et al, 2014; Rothschild et al, 2014) .
For these reasons, it is critical to evaluate effort-related dysfunctions in animal models. Effort-based decision making is studied using tasks that offer choices between high effort instrumental actions leading to more highly valued reinforcers vs low effort options leading to less valued reinforcers. In rodents, a variety of tasks have been used to assess effort-related decision making, including operant tasks that offer animals choices between lever pressing for a more preferred food on ratio schedules vs simply approaching and consuming a less preferred reinforcer (Salamone et al, 2002 (Salamone et al, , 2007 Schweimer et al, 2005; Randall et al, 2012) , effort discounting (Floresco et al, 2008; Hosking et al, 2015) , and a T-maze barrier climbing task (Mott et al, 2009; Mai et al, 2012; Yohn et al, 2015) . Accumbens dopamine (DA) is involved in regulating energy expenditure, behavioral activation, vigor, and exertion of physical effort in motivated behavior Correa, 2002, 2012; Robbins and Everitt, 2007; Mai et al, 2012; McGinty et al, 2013) . Across multiple paradigms, low doses of DA antagonists and accumbens DA depletions reduce the tendency to work for high reward options and increase selection of low reward choices Correa, 2002, 2012; Salamone et al, 2003 Salamone et al, , 2007 Floresco et al, 2008; Mai et al, 2012; Randall et al, 2012; Hosking et al, 2015) . Recent studies have shown that reduced selection of high-effort alternatives in rodents is induced by manipulations associated with depression, including stress (Shafiei et al, 2012) , proinflammatory cytokine administration , and injections of the vesicular monoamine transporter-type 2 (VMAT-2) inhibitor tetrabenazine (TBZ; Nunes et al, 2013; Randall et al, 2014; Yohn et al, 2015) . TBZ induces depressive symptoms including fatigue in humans (Frank, 2010) , and recent studies show that this drug shifts choice behavior from high effort to low effort options at doses that do not impair intake of or preference for solid foods or sucrose, hedonic reactivity to sucrose, reference memory, or discrimination of reward magnitude (Nunes et al, 2013; Randall et al, 2014; Pardo et al, 2015; Yohn et al, 2015) . These results from animal studies are consistent with clinical data showing that patients with major depression show reduced selection of high effort alternatives in tests of effort-based decision making (Treadway et al, 2012) .
Bupropion, a catecholamine reuptake blocker that elevates extracellular DA and norepinephrine (NE; Hudson et al, 2012; Randall et al, 2015) , has been shown to reverse the effort-related effects of TBZ (Nunes et al, 2013; Randall et al, 2014; Yohn et al, 2015) . However, it is not clear which catecholamine mediates this action, and it is important to study monoamine uptake inhibitors with different mechanisms of action. In the present work, the first experiment investigated the ability of selective DA D 1 or D 2 family antagonists to block the reversal of TBZ-induced effects by bupropion. Additional studies assessed the ability of the DA transporter (DAT) inhibitor GBR12909, the NE transport (NET) inhibitor desipramine, and the SERT inhibitor fluoxetine to attenuate TBZ-induced shifts in choice behavior using the fixed ratio (FR5)/chow-feeding choice task, a widely used task for assessing effort-based choice behavior (Salamone and Correa, 2002; Salamone et al, 2003; Nunes et al, 2013) . Because of the literature implicating accumbens DA in effort-related process Correa, 2002, 2012; Salamone et al, 2003 Salamone et al, , 2007 Nunes et al, 2013) , it was hypothesized that DA antagonism would block the ability of bupropion to reverse TBZ-induced effects, and that the actions of TBZ would be successfully attenuated by GBR12909, but not by fluoxetine or desipramine.
MATERIALS AND METHODS

Animals
Adult male, drug-naive, Sprague-Dawley rats (N = 37; Harlan Sprague-Dawley, Indianapolis, IN) were housed in a colony maintained at 23°C with 12-h light/dark cycles (lights on at 0700 h). They weighed 300-350 g at the beginning of the study and were food restricted to 85% of their free-feeding body weight for initial training. Rats were fed weighed amounts of supplemental chow to maintain the food restriction, and were allowed modest growth over the course of the experiment; ad libitum water was available in their home cages. Animal protocols were approved by the University of Connecticut institutional animal care and use committee and followed NIH guidelines.
Behavioral Procedures
Concurrent FR5/chow-choice procedure. Behavioral sessions were conducted in operant conditioning chambers (28 × 23 × 23 cm, Med Associates, Georgia, VT) during the light period. Rats were initially trained to lever press on a continuous reinforcement schedule (30 min sessions, during 5 days) to obtain 45 mg pellets, (Bioserve, Frenchtown, NJ), and then were shifted to the FR5 schedule (30 min sessions, 5 days/week) and trained for several additional weeks until reaching baseline targets for number of lever presses (ie, consistent responding X 1200 lever presses) for at least 1 week before being introduced to the concurrent FR5/chowfeeding choice procedure. In this task, weighed amounts of laboratory chow (Laboratory Diet, 5P00 Prolab RHM 3000, Purina Mills, St Louis, MO; typically 20-25 g, 4-5 large pieces) were concurrently available in the chamber during the 30 min FR5 session. At the end of the session, rats were immediately removed from the chambers, lever pressing was recorded, and amount of chow consumed was determined by weighing the remaining food and spillage.
Pharmacological Agents and Dose Selection
The DA D 1 receptor antagonist SCH 39166 (ecopipam (ECO); (6aS-trans)- 11-chloro-6,6a,7,8,9,13b-hexahydro-7-methyl-5H-benzo[d] naphtha [2,1-b] azepin-12-ol hydrobromide) was obtained from Tocris (Ellisville, MO). Ecopipam was dissolved in 0.9% saline also used as the vehicle control. The DA D 2 antagonist haloperidol (Sigma Chemical, St Louis, MO) was dissolved in a 0.3% tartaric acid solution (pH = 4.0); this 0.3% tartaric acid solution was also used as the vehicle control for the haloperidol injections. TBZ (9,10-dimethoxy-3-(2-methylpropyl)-1,3,4,6,7, 11b hexahydrobenzo[a]quinolizin-2-one), the VMAT-2 inhibitor, was purchased from Tocris. TBZ was dissolved in a vehicle solution of 0.9% saline (80%) and dimethyl sulfoxide (DMSO; 20%). Next, 1 N HCl/ml volume was added to adjust the pH and get the drug completely into solution. The final pH of the TBZ solution was 3.5-4.0. The 20% DMSO/ saline vehicle solution was administered as the vehicle control. The DAT inhibitor GBR12909 (1-[2-[bis(4-fluorophenyl)methoxy]ethyl]-4-(3-phenylpropyl)-piperazine, dihydrochloride) was obtained from Cayman Chemical (Ann Arbor, MI). GBR12909 was used because it is 4100-fold lower in affinity for SERT and NET (Anderson, 1989) .
Bupropion was dissolved in 0.9% saline. Desipramine was purchased from Sigma Aldrich (Saint Louis, MO) and was dissolved in a vehicle solution of 0.9% saline, with light heat added using a hot plate in order to fully dissolve the drug in solution. The SERT inhibitor fluoxetine ((± )-N-Methyl-γ-[4-(trifluoromethyl)phenoxy] benzenepropanamine hydrochloride was purchased from Sigma-Aldrich, and dissolved in 0.9% saline.
The doses of 0.75 mg/kg TBZ and 15.0 mg/kg bupropion were based on previous work from our laboratory (Nunes et al, 2013a; Randall et al, 2014; Yohn et al, 2015) . The subthreshold doses of 0.05 mg/kg ECO and HAL were based on previous research (Sink et al, 2008) . The doses of fluoxetine and desipramine were based on studies involving traditional rodent antidepressant screening tests (Armario et al, 1988; Jang et al, 2009) , and recent studies showing that fluoxetine suppresses locomotion and induces tremor in TBZ-treated rats . The doses of GBR were based upon rodent runway studies (Esumi et al, 2013) .
Experimental Procedures
Different groups of rats, trained as described above, were used for each experiment. All experiments used a withingroups design in which each rat received all i.p. doses of drug or vehicle treatments in their particular experiment in a randomly varied order (one treatment per week; no treatment sequence repeated across different animals in the experiment). Immediately after the 30 min session, rats were removed from the chambers, total lever presses were recorded, and chow consumed was calculated. Baseline (nondrug) training sessions were conducted 4 days per week.
Experiment 1: Ability of the DA D 1 receptor antagonist ecopipam and the DA D 2 receptor antagonist haloperidol to attenuate the effects of bupropion on TBZ-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
Trained rats (n = 7) received injections of vehicle or the following drug treatments before testing (injection times before testing are listed): TBZ (90 min before testing), bupropion (30 min), haloperidol (50 min), and ecopipam (20 min). Timing of the vehicle injections corresponded with the timing of the respective drug treatments listed above. All rats received three injections, and the following seven combined treatments were given: TBZ vehicle+bupropion vehicle+ecopipam or haloperidol vehicle (50 or 20 min before testing, randomized across animals); TBZ vehicle+bupropion vehicle+0.05 mg/kg ecopipam; TBZ vehicle+bupropion vehicle+0.05 haloperidol; 0.75 mg/kg TBZ+bupropion vehicle+ecopipam or haloperidol vehicle; 0.75 mg/kg TBZ+15.0 mg/kg bupropion+ecopipam or haloperidol vehicle; 0.75 mg/kg TBZ+15.0 mg/kg bupropion+0.05 mg/kg ecopipam; and 0.75 mg/kg TBZ+15.0 mg/kg bupropion +0.05 mg/kg haloperidol.
Experiment 2: Ability of the DAT inhibitor, GBR12909, to attenuate TBZ-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
Trained rats (n = 8) received the following combined treatments of TBZ or TBZ vehicle 90 min before testing plus GBR12909 or its respective vehicle 20 min before testing: TBZ vehicle+GBR12909 vehicle; 0.75 mg/kg TBZ+GBR12909 vehicle; 0.75 mg/kg TBZ+1.25 mg/kg GBR12909; 0.75 mg/kg TBZ+2.5 mg/kg GBR12909; or 0.75 mg/kg TBZ+5.0 mg/kg GBR12909.
Experiment 3: Ability of the NET inhibitor desipramine to attenuate TBZ-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
Trained rats (n = 6) received the following combined treatments of TBZ or TBZ vehicle 90 min before testing plus desipramine or its vehicle 45 min before testing: TBZ vehicle +desipramine vehicle; 0.75 mg/kg TBZ+desipramine vehicle; 0.75 mg/kg TBZ+2.5 mg/kg desipramine; 0.75 mg/kg TBZ +5.0 mg/kg desipramine; 0.75 mg/kg TBZ+10.0 mg/kg desipramine; and 0.75 mg/kg TBZ+20.0 mg/kg desipramine.
Experiment 4: Ability of the SERT inhibitor fluoxetine to attenuate TBZ-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
Trained rats (n = 9) received the following combined drug treatments (simultaneous i.p. injections) of vehicle, TBZ, or fluoxetine 90 min before testing: TBZ vehicle+fluoxetine vehicle; 0.75 mg/kg TBZ+fluoxetine vehicle; 0.75 mg/kg TBZ +2.5 mg/kg fluoxetine; 0.75 mg/kg TBZ+5.0 mg/kg fluoxetine; and 0.75 mg/kg TBZ+10.0 mg/kg fluoxetine.
Experiment 5: Effects of bupropion, GBR12909, desipramine, and fluoxetine alone on performance of rats tested on the concurrent FR5/chow-feeding procedure.
Trained rats (n = 7) received the following treatments at the listed times before treatment: vehicle (90, 45, or 20 min, times randomized across animals); 15.0 mg/kg bupropion (45 min); GBR12909 (20 min); fluoxetine (90 min); and desipramine (45 min).
Statistical Analyses
Total number of lever presses and gram quantity of chow intake from the 30 min session were analyzed using repeated measures ANOVA. A computerized statistical program (SPSS 21.0 for Windows) was used to perform all analyses. When there was a significant ANOVA, nonorthogonal planned comparisons using the overall error term were employed to assess the differences between each treatment and the control condition. The number of comparisons was restricted to the number of treatments minus one (Keppel, 1991) .
RESULTS
Experiment 1: Ability of the DA D 1 receptor antagonist ecopipam and the DA D 2 receptor antagonist haloperidol to attenuate the effects of bupropion on tetrabenazine-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
Administration of either the D 1 antagonist ecopipam or the D 2 antagonist haloperidol substantially attenuated the effects of bupropion in tetrabenazine-treated rats (Table 1) . There was an overall significant effect of drug treatment on lever presses (F(4, 24) = 106.183, Po0.001). Tetrabenazine significantly lowered lever presses relative to vehicle control (planned comparison, Po0.01). Administration of 15.0 mg/kg bupropion significantly increased lever pressing in TBZtreated rats (Po0.01). Coadministration of either 0.05 mg/kg ecopipam or 0.05 mg/kg haloperidol significantly blocked the effects of bupropion in TBZ-treated rats (Po0.01). However, these doses of ecopipam or haloperidol had no effect on responding when administered alone. The overall treatment effect for chow consumption was also statistically significant (F(4, 24) = 30.908, Po0.001). Chow intake was significantly increased by TBZ relative to vehicle (Po0.01). Planned comparisons showed that chow intake was significantly reduced in TBZ-treated rats by coadministration of bupropion (Po0.01). The shift in choice behavior induced by bupropion in TBZ-treated animals was significantly blocked by administration of either 0.05 mg/kg ecopipam or haloperidol (Po0.01). Administration of 0.05 mg/kg ecopipam or haloperidol alone did not affect chow consumption.
Experiment 2: Ability of the DAT inhibitor GBR12909 to attenuate TBZ-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
GBR12909 attenuated the effects of TBZ on the concurrent lever pressing/chow-feeding task. The overall treatment effect for lever pressing was statistically significant (F(4, 28) = 29.111, Po0.001; Figure 1 ). Planned comparisons revealed that TBZ significantly decreased lever pressing compared with the vehicle-vehicle treatment (Po0.01). GBR12909 significantly reversed the suppression of lever pressing induced by TBZ, with 2.5 and 5.0 mg/kg GBR12909 plus TBZ being statistically different from TBZ-vehicle (Po0.05). The overall treatment effect for chow consumption was also statistically significant (F(4, 28) = 15.508, Po0.001). Planned comparisons revealed that TBZ significantly increased chow consumption in TBZ-treated rats (Po0.01). Chow consumption was significantly reduced at 2.5 and 5.0 mg/kg GBR12909 plus TBZ compared with TBZ alone (planned comparisons, Po0.05).
Experiment 3: The NET inhibitor desipramine fails to attenuate TBZ-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
Repeated measures ANOVA demonstrated that there was an overall significant effect of drug treatment on lever presses (F(5, 25) = 19.277, Po0.001; Figure 2 ). TBZ significantly lowered lever pressing compared with vehicle control (planned comparisons, Po0.01). Planned comparisons also revealed that coadministration of desipramine further suppressed lever pressing in TBZ-treated rats at the 20.0 mg/kg dose (Po0.05). There was also a significant effect of drug treatment on chow consumption (F(5, 25) = 5.593, Po0.005). TBZ significantly increased chow intake compared with vehicle-treated animals (Po0.01). Planned comparisons showed that coadministration of 20.0 mg/kg desipramine with TBZ significantly decreased chow intake relative to TBZ plus vehicle.
Experiment 4: The SERT inhibitor fluoxetine fails to attenuate TBZ-induced shifts in behavior on the concurrent FR5/chow-feeding procedure.
Fluoxetine did not reverse the effects of TBZ in rats tested on the FR5/chow-feeding choice test, and in fact tended to exacerbate them (Figure 3 ). There was an overall significant effect of drug treatment on lever pressing (F(4, 32) = 67.459, 
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Po0.001). Planned comparisons showed that TBZ significantly decreased lever pressing compared with vehiclecontrol treatment (Po0.01). Planned comparisons revealed that administration of fluoxetine further suppressed lever pressing in TBZ-treated rats at doses of 2.5, 5.0, and 10.0 mg/kg (Po0.01). The overall treatment effect for chow consumption was also statistically significant (F(4, 32) = 13.191, Po0.001). TBZ-treated animals showed significantly increased chow consumption compared with vehicle-control animals (planned comparisons, Po0.01). Chow consumption was significantly reduced by 5.0 and 10.0 mg/kg fluoxetine plus TBZ compared with TBZ alone (Po0.01).
Experiment 5: Effects of bupropion, GBR12909, desipramine, and fluoxetine on performance on rats tested on the concurrent FR5/chow-feeding procedure.
There was an overall significant effect of drug treatment on lever presses (F(4, 24) = 19.584, Po0.001; Figure 4 ). Systemic administration of 10.0 mg/kg fluoxetine and 20.0 mg/kg desipramine significantly reduced lever pressing compared with vehicle-control conditions (Po0.05). There was no significant overall effect of drug treatment on chow consumption (F(2, 24) = 1.564, P = 0.216).
DISCUSSION
These experiments evaluated the ability of monoamine uptake inhibitors with varying mechanisms of action to reverse the effort-related effects of the VMAT-2 inhibitor TBZ. This work was undertaken to focus on effort-related Effort-related effects of antidepressants SE Yohn et al functions that may be highly relevant for understanding some of the motivational symptoms of depression and other disorders (Treadway et al, 2012; Randall et al, 2014 Randall et al, , 2015 Yohn et al, 2015; Nunes et al, 2013a,b) . Rodent tests of effortrelated dysfunction are likely to reflect a component of depression rather than a global measure, and possibly represent models of motivational symptoms that cross multiple diagnostic categories, rather than a model of a specific disorder . This approach is consistent with the NIMH Research Domain Criterion (RDoC) initiative that emphasizes specific psychiatric symptoms and their associated neural circuits rather than traditional diagnostic categories or disorders (Cuthbert and Insel, 2013) . TBZ was used as a tool for altering effort-related choice because this drug has been reported to induce depressive symptoms including fatigue in people (Frank, 2010; Chen et al, 2012) , and behavioral effects in traditional rodent depression models (Tadano et al, 2000; Wang et al, 2010) . Recent studies have shown that 0.75 mg/kg TBZ reduces extracellular DA in nucleus accumbens core by ∼75% from baseline, and also alters expression of DA and cyclicAMPrelated phosphoprotein 32 kDa (DARPP-32) in a manner consistent with a reduction of DA transmission at both D 1 and D 2 family receptors (Nunes et al, 2013) . TBZ alters effort-related decision making across multiple tasks, and these effects were shown to be reversed by the adenosine A 2A antagonist MSX-3, as well as the catecholamine uptake inhibitor bupropion (Nunes et al, 2013; Randall et al, 2014 Randall et al, , 2015 Yohn et al, 2015) . Bupropion (Wellbutrin) is a widely used antidepressant; however, it was not clear in previous studies if the effort-related effects of this drug were being mediated by DA or NE. In experiment 1, it was shown that the ability of bupropion to reverse the effects of TBZ was completely blocked by the D 1 antagonist ecopipam and the D 2 antagonist haloperidol at low doses of these antagonists that had no effect on their own. This pattern of effects indicates that the ability of bupropion to reverse the effortrelated effects of TBZ is dependent upon stimulation of both D 1 and D 2 family receptors. These findings are consistent with Yamada et al (2004) , who reported that the antiimmobility effects of bupropion in mice tested on the forced swim test were blocked by either D 1 or D 2 antagonism, and with Randall et al (2015) , who found that bupropion increases extracellular DA, as well as DA-related signal transduction markers (DARPP-32 expression) related to D 1 and D 2 signaling in nucleus accumbens. Furthermore, experiment 2 showed that the TBZ-induced shift in effortrelated choice was reversed by the selective DAT blocker GBR1209. In contrast, the effort-related effects of TBZ were not blocked by the NET blocker desipramine, consistent with recent studies showing that the NET blocker atomoxetine had no effect on physical effort discounting (Hosking et al, 2015) . It is worth noting that desipramine not only tended to suppress lever pressing, but also reduced chow intake in TBZ-treated rats. It is possible that this reflects sedative effects or actions of the drug on aspects of food motivation. Taken together, these results reinforce previous findings demonstrating that DA, especially in nucleus accumbens, is a key neurotransmitter in the overall circuitry regulating effort-based decision making (Salamone and Correa, 2012) .
Several clinical reports indicate that SERT inhibitors such as fluoxetine are relatively ineffective for treating psychomotor or motivational dysfunction, and can induce or exacerbate these symptoms (Katz et al, 2004; Nutt et al, 2007; Padala et al, 2012; Stenman and Lilja, 2013; Fava et al, 2014; Rothschild et al, 2014) . Results from experiment 4 showed that, in contrast to bupropion and GBR12909, administration of fluoxetine was unable to reverse the effects of TBZ and, in fact, administration of fluoxetine further suppressed lever pressing. Moreover, fluoxetine administered alone in experiment 5 significantly reduced lever pressing, but did not affect chow intake. Previous studies have shown that fluoxetine or genetic deletion of SERT decreased food reinforced progressive ratio responding in mice (Sanders et al, 2007) . In most clinical studies, patients prescribed SERT blockers have high prevalence rates of fatigue (Nierenberg et al, 2010) , and the presence of fatigue is associated with reduced probability of achieving remission with SERT inhibitor monotherapy. An analysis of six double-blind, randomized trials of bupropion and SERT inhibitors by Papakostas et al (2006) showed that bupropion offered potential advantages over SERT inhibitors in the resolution of fatigue. Interestingly, patients who are more likely to respond to fluoxetine report different depressive characteristics than those who respond to bupropion; whereas bupropion responders describe their depression as more highly energy related, those who respond to fluoxetine are more likely to experience mood disorder, rumination, and anxiety (Bell et al, 2013) . Demyttenaere et al (2005) suggested that the neurological basis of motivational symptoms such as fatigue is governed by specific neural circuits, and therefore the specific symptom profiles of depression need to be evaluated in the context of the drug and its neurobiological mechanism of action (see also Cooper et al, 2014) . The present studies, in combination with additional clinical and preclinical reports Correa, 2002, 2012; Salamone et al, 2003 Salamone et al, , 2007 Treadway and Zald, 2011; Mai et al, 2012; Esumi et al, 2013; Pizzagali, 2014) , indicate that compared with other monoamines, DA appears to be a key component of the specific circuitry regulating effort-related motivational dysfunctions.
In conclusion, the present studies indicate that monoamine uptake inhibitors with distinct mechanisms of action have differential effects on effort-related choice behavior. The DAT/NET inhibitor bupropion is able to reverse the effects of TBZ on effort-related choice, and this effect depends upon stimulation of DA D 1 and D 2 family receptors. In addition, the selective DAT inhibitor GBR12909 is also able to reverse the effort-related effects of TBZ. Based upon previous studies (Nunes et al, 2013; Randall et al, 2015) , it is likely that these effects are because of actions on nucleus accumbens DA, although the role of prefrontal/anterior cingulate cortex DA cannot be discounted (Schweimer et al, 2005; Schweimer and Hauber, 2006) . In contrast to the effects of the DAT inhibitors, neither the NET inhibitor desipramine nor the SERT inhibitor fluoxetine were able to reverse the effects of TBZ and, in fact, these drugs tended to reduce lever pressing output at higher doses, either alone or in combination with TBZ. Taken together, these results indicate that tests of effort-based decision making are able to differentiate between antidepressant drugs with different pharmacodynamic profiles, and the pattern of effects observed in rats is consistent with previous observations of the effects of bupropion and fluoxetine on motivational symptoms in humans (see, eg, Papakostas et al, 2006) . Moreover, in so far as these results may be related specifically to depressive symptoms, they indicate that there is a dopaminergic component that is particularly critical for effort-related motivational dysfunction. Of course, this does not mean that other transmitters, such as 5-HT, are not involved in other aspects of depression (eg, mood dysfunction, rumination, anxiety, hostility; see Katz et al, 2004; Carr and Lucki, 2011; Bell et al, 2013) . The present studies focused upon the ability of acute administration of monoamine uptake inhibitors to reverse the effects of TBZ that may be highly relevant in view of studies showing that drugs that block DAT can improve motivational symptoms in depressed people within a few hours after administration (Stotz et al, 1998) . Nevertheless, future studies need to extend this line of work to include repeated administration, as well as tests that assess the ability of antidepressants to increase exertion of effort in otherwise untreated animals. Moreover, it will be important to translate this work to humans by assessing the effects of antidepressants using tasks of effort-related function (eg, Treadway et al, 2012) .
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